Background: Dengue virus is circulating in Pakistan since 1994, which causes major and minor outbreaks in many areas of the country.
Background
Dengue fever is an important mosquito-borne viral disease, caused by one of the four closely related but antigenically distinct dengue virus serotypes (DENV-1 to 4). According to World Health Organization (WHO), the annual incidence of dengue infection is 100 million, of which approximately 500,000 patients develop dengue hemorrhagic fever (DHF) that may lead to dengue shock syndrome (DSS) with a mortality rate of more than 2.5 % [1] [2] [3] . DENV has a positive sense RNA genome (genus Flavivirus; family Flaviviridae) of approximately 11 Kb in size. Infection with one serotype does not provide immunity against other serotypes, so a person living in an endemic area could have up to four DENV infections during his/her life span [4, 5] . All four serotypes of dengue are able to produce DHF or DSS in humans after infection is established [6] . In the tropical and subtropical climates of the world, the incidence of dengue is continuously on the rise due to suitable climatic conditions for dengue vector growth [7] . Furthermore, antibodies raised against the membrane protein prM are known not to neutralize the virus but they can cause the antibody-dependent enhancement (ADE) [8] [9] [10] . Due to ADE, and in order to protect individuals from DENV infections, it becomes critical to survey the dengue serotypes in any particular area.
In August 1994, the first confirmed outbreak of DENV was reported in Karachi, Pakistan. Since then, moderate to severe dengue outbreaks were observed in many areas of Pakistan. Dengue infection did not contain to southern Pakistan (Karachi) but transmitted to northern parts (Punjab) of the country with the passage of time that caused great losses in terms of mortalities and morbidities [11] [12] [13] [14] [15] .
In 2011, a devastating dengue outbreak reported in Lahore, the capital city of the Punjab, Pakistan. According to Health Departments in Pakistan, more than 23,000 people were hospitalized, of which at least 365 people died due to DHF and DSS [13, 14] . DENV-2 and DENV-3 and a single case of DENV-4 were previously reported the 2011 dengue outbreak in Punjab [16] .
Unprecedentedly, just 1 year after the major outbreak in Lahore, a sever dengue outbreak occurred in 2013 in Swat District, Khyber Pukhtunkhwa (KP), which is about 600 km away from Lahore and has relatively temperate climatic conditions (average annual rainfall exceeds 1000 mm and mean annual temperature of about 18°C) in contrast to Lahore, Punjab (average annual rainfall recorded is 430-767 mm and mean annual maximum temperature of about 28-31°C) [17, 18] .
The outbreak in Swat claimed 57 lives and thousands of people were hospitalized. Therefore, this study was conducted to determine the exact distribution of DENV serotypes in the 2011 and 2013 outbreaks and to shed light on the overall situation.
Methods

Collection of samples from patients during the years 2011 and 2013
During the 2011 dengue outbreak in Punjab, blood samples (n = 600) were collected from Enzyme-linked immunosorbent assay (ELISA) positive hospitalized patients (461 patients from five districts in Punjab province and 139 patients from six districts of KP-based people, lived in Punjab) ( Information about the patients and/or samples collected from various geographical areas of Pakistan in both these two dengue outbreaks is provided in Fig 1. RNA extraction and serotype-specific PCR RNA from all serologically positive blood samples was extracted using QIAGEN QIAamp viral RNA mini kit (QIAGEN, Hilden, Germany) according to the manufacturer's instructions. The extracted RNA was used for the identification of the DENV serotypes (1-4) using typespecific reverse transcription-polymerase chain reaction (RT-PCR) as described previously [1, 19] .
Results
Results of this study indicated that all four serotypes of DENV (1) (2) (3) (4) Table 1) . Majority of the actively infected people were from Lahore (83 %) followed by other districts like Sargodha (9 %), Sheikhupura (5 %), Kasur (4 %) and Rahim Yar Khan (0.5 %) ( Table 1) . Importantly, mixed infections with DENV-2 and DENV-3 in same serum samples were detected in this study; like sample no. 2x that revealed both DENV-2 and DENV-3 ( Figs. 3 and 4) . Mixed infection comprised of DENV-2 and DENV-3 in patients belonged to Punjab was 3.81 % (13 out of 341). The most dominant DENV serotypes in Punjab province were DENV-2 (41.64 %) and DENV-3 (41.05 %). The incidence of DENV-4 and DENV-1 recorded was 9 and 4 % respectively. Sample no. 2x along with other samples was tested with specific primers for the detection of DENV-3.
Out of the seven samples tested, DENV-3 was detected in sample no. 2x that confirmed the mixed infection (Fig. 4) .
Similarly active dengue infection rate as revealed by RT-PCR assay in KP-based patients, lived in Punjab was 43 % (60 out of 139). Male population was mostly infected (80 %) as compared to female population (20 %). Majority of KP-based people who infected in Punjab were from Peshawar (43 %), Mardan (18 %), Nowshehra (13 %), Swat (13 %), Charsadda (8 %) and Kohat (3 %) ( Table 1) . Mixed infection (8.33 %) of DENV-2 and DENV-3 was also recorded in some patients (Table 1) . Individuals between the ages of 15 to 45 years were mostly infected in the 2011 dengue outbreak. (Table 1) . Figure 5 indicates the overall summary of the situation of DENV serotypes, circulating in Pakistan. Frequency distribution of serotypes clearly indicates that DENV-2 and DENV-3 are the dominant serotypes in Pakistan with some mixed infection (Fig. 5) .
Discussion
Dengue has been one of the major causes of hospitalization among people since the 1990s, particularly in South East Asia [20] . Increased population movement and spread of competent mosquito vectors are the factors contributing to the spread and establishment of the disease in temperate areas of the world [21] . Countries bordering Pakistan like India is facing dengue since 1996 and all four serotypes have been documented in Delhi [22] . Similarly, DENV-2, DENV-3 and DENV-4 have been detected in a study conducted in Bangladesh [23] . Prevalence of dengue infection has also reported from Iran [24] .
In Pakistan, Dengue virus infection initially started in Karachi in 1994 and gradually expanded to other areas of the country with the passage of time [13, 14] . The geographical location of Pakistan with hot and humid summers particularly in Punjab, is an ideal place for the breeding of the Aedes mosquitoes [13] which are responsible for spreading the virus from one location to another. Environmental fragmentation which resulted from severe flood in 2010 further encouraged the breeding of the Aedes mosquitoes in Pakistan [25, 26] . Consequently, DENV infection reached epidemic level in 2011 in Pakistan. In this study, patients (n = 1340) from 12 different districts of Pakistan were analyzed for prevalence, distribution, and frequency of dengue virus. The results indicated that all four DENV serotypes circulate in Punjab Province and only DENV-2 and DENV-3 for the first time introduced into Swat District, KP (Table 1) .
This study showed that during the 2011 dengue outbreak in Punjab, all four serotypes of DENV were prevalent in both genders and capable of active infection in population but DENV-2 and DENV-3 were the most dominant serotypes. Consequently, this type of studies presented here become crucial to determine the possibility of antibody-dependent enhancement (ADE), which usually leads to DSS [2, 3] . Mixed infection in 2011 dengue outbreak highly suggests secondary infection and hence more infectivity and deaths (Table 1) .
In 2013 dengue outbreak in Swat, DENV-2 (40 %) and DENV-3 (60 %) were the dominant serotypes isolated from the infected people while no evidence of DENV-1 or DENV-4 was found (Table 1) . Another aspect which may account for the presence of higher incidence of DENV-3 in Swat than DENV-2 (unlike in Punjab) may be the role of Ae. Albopictus (Fig. 5) . This species is generally related to temperate type of environment in the ruler areas [27] like Swat, but it needs further investigation and we would address it in our coming project.
In Swat, extensive deforestation and a new culture of cultivating orchards; which is currently the major means of income of the majority of people, has brought substantial changes in the agriculture landscaping. Severe flooding in 2010 and the recent DENV outbreak is an indication of the climate change in this scenic valley because dengue incidence is associated with change in climate [28] . Lake of fresh water supply system is another problem afflicting the population now-a-days and that's why water pools have been dug inside orchards where people keep water for several days which provides enough time and favorable conditions for the breeding of Aedes mosquitoes.
Results of this study indicate that the active and juvenile group (15-45 years) was the most affected. Number of the elderly infected people in Swat was considerably higher than those infected during the 2011 outbreak in Punjab. One possible reason may be the healthy environment of Swat District; allows people to remain active and contribute to the working class even in their late sixties and early seventies. More exposure and more activity during the day time provide more chances for the vector bites and hence higher infection rate.
The gender wise distribution of DENV infection indicates no significant difference between the male and female populations (191 & Table 1) .
The possible reason for this may be different social set ups at two distant locations with different cultural characteristics. Women are mostly restricted to remain inside homes in Swat District while in contrast there is a huge class of working women in Punjab which increases the chances of contracting the infection. A considerable number of patients were found to have mixed infection ( Table 1 ) which indicates that the individuals with mixed infection had acquired infection in highly endemic pockets of the cities due to increased breading activity of the mosquitoes during the same season.
The incidence of concurrent or mixed infection in Punjab in 2011 can be attributed to the long history of DENV in the region. In 2006, the first confirmed DENV outbreak erupted in Punjab and since then it is causing sporadic infection and/or major outbreaks. In 2006, 3000 confirmed cases were registered in Pakistan, out of which 52 people died [29] . In 2008, dengue infection continued in Pakistan with 1450 people infected in Punjab, of which 20 died. In that outbreak, ten patients out of 17 in Lahore were positive for DENV-4, five for DENV-2 and two for DENV-3 when analyzed through real time PCR [30] . In 2010, dengue outbreak occurred in Pakistan and more than 4000 cases were reported from Punjab that caused three deaths [13] .
DENV outbreak in Pakistan in 2011 was the most severe in the history; affected more than 22,562 individuals in total and claimed 363 lives across Pakistan according to the reports of health departments. According to independent surveys, the number of infected people was more than 35,000 and number of deaths it caused was more than 420. Punjab once again was the most hit Province by DENV that infected more than 21,300 individuals, out of which 337 people died. Though the entire Punjab was affected but Lahore was the most hit city with 17,493 people infected, of which 290 people died. As compared to previous dengue outbreaks in Punjab, mortality and morbidity rate was highest in 2011. The reasons for such high rate of infectivity and deaths as compared to previous infections in Pakistan, may be the long history of dengue in the region, prevalence of all four serotypes (Table 1) , mixed infection (Figs. 3 and 4) that usually leads to DHF and DSS [8] [9] [10] and climatic suitability for vector species.
This is the first study in Pakistan that documents concurrent infection in 2011 dengue outbreak in Punjab (Table 1) . Concurrent infection was not observed in 2013 dengue outbreak in Swat. The possible reasons behind this may be that this was the first incidence of dengue with no previous record of dengue in Swat. Secondly, the infection was in progress in Swat when we conducted this study and ultimately it is clear from the above history that for concurrent infection to appears, co-circulation of multiple DENV serotypes for fairly long time in an endemic area may be required. The incidence of concurrent infections has already been reported in some parts of the world like in Puerto Rico in 1982 [31] , in India with overall 66.7 % concurrent infection of DENV-2 and DENV-3 [32] and in Bangladesh, where two patients were coinfected with DENV-2 and DENV-3 while one patients was co-infected with DENV-3 and DENV-4 [23] .
We suggest that effective mosquito eradication strategies should be adopted as future outbreaks may cause high mortality due to more chances of secondary infections. Moreover, dengue occurrence in areas like Swat is lethal because Swat is famous for tourism and if dengue persists it would greatly destroy not only tourism in Swat but in the adjacent areas too. Further, thorough genetic characterization of the DENV serotypes should be carried out in order to facilitate futuristic vaccine and/or drug development strategies.
Conclusions
Dengue virus is continuously affecting the people of Pakistan. Dengue virus is spreading to remote, rural and previously non-endemic areas of Pakistan with DENV-2 and DENV-3 as the major spreading viruses. Rural areas of Pakistan are less developed and lack basic health infrastructure, education and jobs opportunities. Therefore concerted efforts should be employed to check the spread of dengue into theses less developed areas in order to prevent further damage and to protect lives of the common and poor people in particular. Furthermore, research should be initiated to uncover the factors behind this expansion of dengue virus into previously non-endemic areas so that preventive measures may be taken.
